Docket No. 60,130-1907 (03MRA0279) 
CENTRAL TIRE INFLATION SYSTEM FOR DRIVE AXLE 



BACKGROUND OF THE INVENTION 
[0001] The subject invention relates to a central tire inflation (CTI) system that 
utilizes passages formed within rotating wheel shafts to provide an easily sealed flow path to 
conduct air from a vehicle air supply to a tire assembly on a drive axle. The passage in each 
wheel shaft includes a fluid inlet formed at an inboard shaft end that communicates with the 
air supply and a fluid outlet formed at an outboard shaft end that communicates with the tire 
assembly. 

[0002] CTI systems automatically supply air to vehicle tires when certain 
predetermined conditions are met. In a typical situation, the CTI system will automatically 
add air to a tire that becomes under-inflated during vehicle operation. CTI systems typically 
include sensors and pressure regulators for monitoring the pressure in each of the vehicle's 
tires. When pressure in any tire drops below a predetermined level, the system automatically 
supplies air to that tire until a desired tire pressure is achieved. 

[0003] CTI systems include an air tank that is mounted on the vehicle. Air is 
supplied from the tank to the tires by using various methods. CTI systems can be 
incorporated into drive or non-drive axles. Traditionally, for either type of axle, CTI systems 
include an air connection that allows air to be supplied from a non-rotating air source to the 
rotating tires. Some systems include an air connection that is mounted for rotation with a 
wheel hub assembly at one end, and which is mounted at an opposite end to a non-rotating 
axle tube for a non-drive axle. In these systems, air is supplied from the tank to the interior 
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of the axle tube. Air from inside the axle passes through the rotating air connection and is 
conducted to the tires. 

[0004] Traditionally, CTI systems for drive axles have been more difficult to 
incorporate into conventional wheel ends. Typically, these CTI systems use drilled 
passageways in the rotating wheel hubs in combination with drilled passageways in the non- 
rotating spindles. This configuration requires large, expensive seals, is difficult to assemble, 
and is expensive to machine. Further, wheel hubs for drive axles using disc brakes and single 
tires often do not have enough packaging space to accommodate drilled passageways. Thus, 
using CTI for such a configuration is not practical. 

[0005] Another disadvantage with CTI systems that utilize passageways formed 
within the wheel hub, is interference with wheel bearing operation. Typically, the wheel hub 
is supported for rotation relative to the spindle on a pair of bearings. These bearings must be 
properly lubricated in order to operate efficiently and effectively. Forming an air passageway 
through the hub can be detrimental to bearing operation, especially if one of the seals fails or 
leaks. Further, the industry is moving toward the use of unitized bearings, which require a 
permanently sealed unit. Conveying air through the bearing unit is contrary to this concept. 

[0006] Other CTI systems for drive axles have utilized a pair of drilled 
passageways formed within a rotating axle shaft. A radial air passage is drilled into the axle 
shaft to connect with a laterally extending passage. An air coupling surrounds the axle shaft 
at the radial air passage location to provide a sealed circumferential air compartment between 
an external surface of the rotating axle shaft and an interior surface of the air coupling. Air is 
transferred from the air source and into the radial passageway by way of the air compartment. 
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[0007] This system has several disadvantages. The air coupling is a complex 
mechanism requiring several component pieces and multiple seals, which makes the coupling 
very expensive. Further, assembling the coupling onto the axle shaft is difficult and time 
consuming. Also, the system is difficult to maintain and repair. 

[0008] A more cost effective CTI system for a drive axle is needed. The system 
must be easily incorporated into the drive axle without requiring extensive machining, 
assembly, or requiring passageways formed within the rotating wheel hub. Further, the 
system should be easy to maintain and repair as well as overcoming the other above- 
mentioned deficiencies with prior art systems. 

SUMMARY OF THE INVENTION 

[0009] A tire inflation system for a vehicle wheel end assembly includes a driving 
input member and a driven output member. The output member includes a wheel shaft that 
drives a wheel hub and tire assembly about a wheel axis of rotation. The wheel shaft includes 
a laterally extending bore that defines a fluid inlet at a first end, which is in fluid 
communication with a vehicle air supply, and a fluid outlet at a second end, which is in fluid 
communication with the tire assembly. An air supply component cooperates with the vehicle 
air supply to transfer air from a non-rotating vehicle structure to the bore that is formed in the 
rotating wheel shaft. A seal assembly is mounted for rotation with the first end of the wheel 
shaft to provide a sealed environment as air is transferred from the non-rotating structure to 
the rotating wheel shaft. 

[0010] In one disclosed embodiment, the bore extends through the entire length of 
the wheel shaft from a first end face to a second end face. The air supply component includes 
a base portion that is mounted to non-rotating wheel structure and an air conduit that extends 
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from the base portion and into the bore at the first end face. Preferably, the fluid inlet and 

fluid outlets are coaxial with the laterally extending bore. By forming the bore within the 

wheel shaft, air is easily supplied to the tire assembly for a driven wheel without interfering 

with the wheel bearings and without requiring passages to be drilled into the wheel hub itself. 

[0011] In one disclosed embodiment, the subject invention is incorporated into an 
inverted portal drive axle. The inverted portal drive axle includes an input driven by a 
vehicle power source and defining a longitudinal axis. The input is operably coupled to a 
differential, which is in driving engagement with first and second axle shafts. In an inverted 
portal axle configuration, the input is positioned laterally closer to one wheel assembly than 
the other wheel assembly, thus, one of the first or second axle shafts is significantly longer 
than the other axle shaft. Each axle shaft drives a gear set that raises the driving input from 
the lower axle shaft level up to a higher wheel axis level. The gear sets drive the wheel 
shafts, which in turn drive the wheel hubs. In this axle configuration, the bore is coaxial with 
the wheel axis of rotation, which is parallel to and spaced apart from an axle shaft axis of 
rotation. The fluid inlets at the inboard ends of the wheel shafts are easily accessed through 
the non-rotating gearbox or axle housing. Thus, the air supply component can be easily 
installed to communicate with the wheel shaft bore without interfering with other wheel 
components and with requiring significant wheel modifications. A connector and hose 
assembly are operably coupled to each fluid outlet at the outboard end of the wheel shafts to 
conduct the air to the tire assemblies. 

[0012] The seal assembly cooperates with the first or inboard end face of the 
rotating wheel shaft. The seal assembly includes a seal body and at least one resilient seal 
member, which are mounted for rotation with the wheel shaft. The seal body is at least 
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partially received within a secondary bore formed at the inboard end face. The secondary 

bore is preferably coaxial with the laterally extending bore and is of greater diameter than the 

bore. The resilient seal is supported and held in place by the seal body to provide a sealed air 

path as air flows from the air supply, through the air conduit, through the laterally extending 

bore, and out to the tire assemblies. 

[0013] The subject invention utilizes the wheel shaft to provide a single, easily 

sealed airflow passage for a tire inflation system that can be incorporated into many different 

types of wheel configurations. The system is simple to maintain because the wheel hub does 

not have to be removed in order to repair or replace any tire inflation system component. 

Further, when compared to traditional tire inflation systems, the subject invention utilizes 

smaller, less complex, and less expensive components. These and other features of the 

present invention can be best understood from the following specification and drawings, the 

following of which is a brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 is a schematic view of a drive axle assembly with CTIS 
incorporating the subject invention. 

[0015] Figure 2 is a perspective view of the axle assembly of Figure 1. 

[0016] Figure 3 is a cross-sectional view of an axle input for the drive axle 
assembly shown in Figure 2. 

[0017] Figure 4 is a cross-sectional view of a wheel gear assembly shown in 
Figure 2. 
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[0018] Figure 5 A is a cross-sectional view of a wheel end assembly for the drive 
axle assembly of Figure 2, incorporating one disclosed embodiment of the subject invention. 

[0019] Figure 5B is one disclosed embodiment of an air supply component for the 
CTIS incorporating the subject invention. 

[0020] Figure 6 is another disclosed embodiment of an air supply component for 
the CTIS incorporating the subject invention. 

[0021] Figure 7 is yet another disclosed embodiment of an air supply component 
for the CTIS incorporating the subject invention. 

[0022] Figure 8 is a magnified view of the seal body shown in Figure 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0023] Figure 1 shows a schematic view of a central tire inflation (CTI) system 10 
incorporated into a drive axle assembly 12. Preferably, the drive axle assembly 12 is an 
inverted portal drive axle, however, the CTI system 10 could be used in portal drive axles, or 
other similar drive axles known in the art. The CTI system 10 includes an air supply 14 that 
is carried by a vehicle or a vehicle trailer. The air supply 14 can be an existing air supply 
tank on the vehicle, such as for a pneumatic braking system, for example, or can be a separate 
air supply dedicated to the CTI system 10. 

[0024] The CTI system 10 also includes a plurality of pressure valves and sensors 
that are used to monitor tire pressure, air supply pressure, and to control air flow throughout 
the CTI system 10. In one example shown in Figure 1, the CTI system 10 includes a pressure 
regulator and unloader valve assembly 16. The pressure regulator is typically set at a desired 
tire pressure level. The unloader valve is set at a lower pressure and prevents air from being 
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supplied to a tire if there is a tire blowout. The unloader valve is normally open, however, if 

pressure output from the pressure regulator falls below a certain pressure level, the valve 
closes to prevent depletion of the air supply in a tire blowout situation. Check valves 18 can 
be used in addition to the pressure regulator unloader valve assembly 16 to permit only one- 
way flow in the system. The CTI system 10 can also include hose pressure lines 20 that, 
interconnect the air supply 14, pressure regulator and unloader valve assembly 16, and check 
valves 18 to the axle assembly 12. Optionally, or in addition to the components discussed 
above, pressure sensors 22 can be used at each tire 24 to individually monitor tire pressure. It 
should be understood that these are just examples of certain types of valves, regulators, and 
sensors that could be used in the CTI system 10. Other CTI components known in the art 
could also be used in place of, or in addition to, the components discussed above. 

[0025] The inverted portal axle assembly 12 includes an input 26 that is operably 
coupled to a driving power source 28, such as an engine or electric motor. In one disclosed 
embodiment, the input 26 includes a pinion gear 30, which is driven by a driveshaft 32 
coupled to the power source 28. The pinion gear 30 drives a ring gear 34, which is operably 
coupled to a differential gear assembly 36. First 38 and second 40 axle shafts are coupled to 
the differential gear assembly 36, which provides for axle shaft speed differentiation as the 
vehicle executes turning maneuvers. The first 38 and second 40 axle shafts drive first 42 and 
second 44 wheel gear assemblies, which in turn drive first 46 and second 48 wheel end 
assemblies. 

[0026] The first 46 and second 48 wheel end assemblies each include a wheel hub 
50 that supports the tire assembly 24. The tire assembly 24 can include a single tire or can 
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include a plurality of tires positioned at each wheel end assembly 46, 48 depending on the 

type of vehicle application. 

[0027] In an inverted portal axle configuration, the input 26 is off-center, i.e. is 
closer to one wheel end assembly 46, 48 than the other wheel end assembly 46, 48. This 
means that one of the first 38 and second 40 axle shafts is substantially longer than the other 
of the first 38 and second 40 axle shafts. As shown in Figure 1, the driveshaft 32 defines a 
longitudinal axis of rotation 52 and the axle shafts 38, 40 define an axle shaft axis of rotation 
54 that is transverse to the longitudinal axis of rotation. 52. An axle housing 58 surrounds 
and encloses the axle shafts 38, 40 and extends underneath a vehicle from the first wheel end 
assembly 46 to the second wheel end assembly 48. Due to the off-center location of the input 
26, the longitudinal axis of rotation 52 is also positioned off-center, i.e. is spaced apart from a 
longitudinal vehicle centerline 56. This configuration allows a vehicle floor (not shown) to 
be positioned vertically lower to ground level than with a traditional drive axle configuration. 
This is especially useful in passenger carrying vehicle applications, such as buses, for 
example. 

[0028] A perspective view of the inverted portal axle assembly 12 is shown in 
Figure 2. Each wheel end assembly 46, 48 defines a wheel axis of rotation 60 that is 
vertically higher relative to ground level than the axle shaft axis of rotation 54. Thus, the 
driving input power or torque is transferred from the input 26, at a vertically lower position, 
up to drive the wheel end assembly 46, 48, at a vertically higher position. This transfer is 
achieved by the use of the first 42 and second 44 wheel gear assemblies. 

[0029] The input 26 and differential gear assembly 36 are shown in greater detail 
in Figure 3. As discussed above, the input 26 includes a pinion gear 30 that drives a ring gear 
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34. A yoke assembly 62 couples a shaft 64, which supports the pinion gear 30, to the 
driveshaft 32. The ring gear 34 is bolted to a differential housing 66 that supports a four- 
legged spider 68 (only two legs are shown). A pinion gear 70 is supported on each leg of the 
spider 68. The pinion gears 70 mesh with side gears 72 that are splined to the axle shafts 38, 
40. 

[0030] Each of the axle shafts 38, 40 drives one of the first 42 or second 44 wheel 
gear assemblies. The first 42 and second 44 wheel gear assemblies are preferably helical gear 
assemblies that each include helical pinion gear or wheel input drive gear 74 driven by one of 
the axle shafts 38, 40, see Figure 4. The pinion gear 74 is in meshing engagement with a pair 
of helical idler gears 76, which in turn are in meshing engagement with a helical driven gear 
or wheel output driven gear 78. The gears 74, 76, and 78 are enclosed within a gear housing 
80 that is supported by the axle housing 58. It should be understood that the helical gear 
assembly shown in Figure 4 is just one example of a wheel gear assembly, and that other 
wheel gear assemblies known in the art could also be used. 

[0031] The output driven gears 78 drive the wheel shafts 82 that are coupled to 
the wheel hubs 50. The wheel shafts 82 define the wheel axes of rotation 58. The wheel gear 
assemblies 42, 44 raise the driving input from the vertically lower axle shafts 38, 40 to the 
vertically higher wheel shafts 82. The wheel axles of rotation 58 are parallel and spaced 
apart from the axle shaft axes of rotation 54 and are transverse to the longitudinal axis of 
rotation 52. Thus, the input drive gears 74 are coaxial with the axle shaft axes of rotation 54 
and the output driven gears 78 are coaxial with the wheel axes of rotation 58. 

[0032] As shown in Figures 5A and 5B, the wheel shafts 82 each include a 
cylindrical shaft body 84 that has a first end face 86 and a second end face 88. A laterally 
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extending bore 90 forms a fluid passage within the shaft body 84 that is in fluid 
communication with the air supply 14. The bore 90 is preferably coaxial with the wheel axis 
of rotation 58 and extends through the entire length of the wheel shaft 82. The bore 90 has a 
fluid inlet 92 formed at the first end face 86, which is in fluid communication with the air 
supply 14. The bore 90 has a fluid outlet 94 formed at the second end face 88, which is in 
communication with the tire assembly 24. The fluid inlet 92 and the fluid outlet 94 are both 
coaxial with the bore 90. 

[0033] The second end face 88 includes a radially extending flange portion 96 that 
is mounted to an end face of the wheel hub 50 with a plurality of fasteners 98. The wheel 
hub 50 is rotatably supported by a pair of wheel bearings 100 for rotation relative to a non- 
rotating spindle tube 102, which is supported by the gear housing 80. 

[0034] A tee connection and hose assembly 104 is mounted to the second end face 
88 of the wheel shaft 82. The tee connection and hose assembly 104 transfers air from the 
bore 90 to the tire assembly 90. In one disclosed embodiment, the tee connection and hose 
assembly 104 includes a threaded body portion 106 that is received within a threaded portion 
108 of the wheel shaft 82. While a threaded attachment is preferred, any other connection 
and hose assembly known in the art and any known attachment method could be used to form 
the air connection from the second end face 88 to the tire assembly 24. 

[0035] An air supply component assembly 110 is used to interconnect the air 
supply 14 to the first end face 86 of the wheel shaft 82. In the embodiment shown in Figure 
5, the air supply component assembly 110 includes a tube 112 mounted for rotation with the 
wheel shaft 82, a pair of resilient seals 114 mounted within the tube 112, and an air supply 
needle 116 mounted to a non-rotating wheel or axle component such as the axle housing 58. 
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The tube 112 includes a threaded end portion 118 that is threaded into a secondary bore 120 
formed within the first end face 86 of the wheel shaft 82. The secondary bore 120 has a 
larger diameter than bore 90. The air supply needle 116 includes a threaded base portion 122 
that is attached to the axle housing 58 and a hollow needle portion 124 that extends from the 
base portion 122. The needle portion 124 extends into the tube 112 and is resiliently engaged 
by the seals 114. 

[0036] When tire pressure falls below a predetermined level, air is supplied from 
the air supply 14, through the needle portion 124, and into the bore 90. The air then flows 
from the bore 90, through the tee connection and hose assembly 104, and into the tire 24. 

[0037] This configuration provides a sealed rotary connection to transfer air from 
a non-rotating component to a rotating component. Further, the configuration accomplishes 
the air transfer without having to drill fluid passages in the wheel hub 50 or spindle 102. 

[0038] An alternate embodiment of the air supply component assembly is shown 
generally at 130 in Figure 6. The air supply component assembly 130 includes a resilient 
gland seal 132 that is received within a secondary bore 134 formed within the first end face 
86 of the wheel shaft 82. The secondary bore 134 is coaxial and of larger diameter than bore 
90. The secondary bore 134 includes a threaded portion 136 and a seal seat portion 138. 

[0039] A gland nut 140, defining a central bore 142, has an external threaded 
portion 144 that mates with bore threaded portion 136. The gland seal 132 is seated on the 
seat portion 138 and is held in place by the gland nut 140. Thus, the gland seal 132 and gland 
nut 140 are mounted for rotation with the wheel shaft 82. 

[0040] An air supply needle 146, similar to that described above, is mounted to 
the axle housing 58. The air supply needle 146 includes a threaded base portion 148 that is 
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attached to the axle housing 58 and a hollow needle portion 150 that extends from the base 

portion 148. The needle portion 150 extends through the central bore 142 and into bore 90. 

The needle portion 150 pierces or is inserted through a small opening formed within the 

gland seal 132 such that the gland seal 132 resiliently engages the needle portion 150 to 

provide a sealed rotary connection. Air flows from the air supply 14, through the hose 

connections 20, through the needle portion 150, and into the bore 90. 

[0041] An alternate embodiment of the air supply component assembly is shown 
generally at 160 in Figure 7. The air supply component assembly 160 includes a seal body 
162 that is received within a secondary bore 164 formed in the first end face 82 of the wheel 
shaft 82. The secondary bore 164 is coaxial with and is larger in diameter than bore 90. The 
seal body 162 is mounted for rotation with the wheel shaft 82 and includes an external seal 
166 positioned between the seal body 162 and secondary bore walls 168. The seal body 162 
defines an internal bore 170 that is in fluid communication with bore 90. A pair of seals 172 
is mounted within the internal bore 170. 

[0042] An air supply needle 174, similar to that described above, is mounted to 
the axle housing 58. The air supply needle 174 includes a threaded base portion 176 that is 
attached to the axle housing 58 and a hollow needle portion 178 that extends from the base 
portion 176. The needle portion 178 extends through the internal bore 170 and into bore 90. 
The needle portion 178 resiliently engages seals 172 to provide a sealed rotary connection. 
Air flows from the air supply 14, through the hose connections 20, through the needle portion 
178, and into the bore 90. 

[0043] As shown in Figure 8, the seal body 162 includes an external groove or 
channel 180 that is circumferentially formed about an external surface 182 of the seal body 
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162. The external seal 166 is received within the channel 180. A pair of internal grooves or 
channels 184 is circumferentially formed within bore walls 186 of the seal body 162. The 
seals 172 are received within these channels 184. Preferably, the external seal 166 is a large 
o-ring seal and the seals 172 comprise smaller o-ring seals, however, other similar types of 
seals known in the art could also be used. A snap ring 188 holds the seal body 162 in place. 

[0044] While Figures 5-8 show various examples of air supply component 
assemblies, it should be understood that other air supply component assemblies could also be 
used to provide a sealed rotary connection between the non-rotating axle housing 58 and the 
rotating wheel shaft 82. By forming a single passage 90 extending through the center of the 
wheel shaft 82, a simple method of providing a CTIS 10 for an inverted portal axle 12 is 
achieved. The interface between the passage 90 and the air supply 14 can be simply and 
easily installed in this configuration. Further, the relatively short wheel shaft 82 is used to 
provide a single, easily sealed passage 90 for conventional spindle configurations or unitized 
wheel bearing configurations. The system 10 is simple to maintain, requiring no removal of 
the wheel hub 50 to repair or replace any CTI component. Compared to traditional CTI 
systems, the subject invention utilizes components that are small, simple, and inexpensive. 

[0045] Although a preferred embodiment of this invention has been disclosed, a 
worker of ordinary skill in this art would recognize that certain modifications would come 
within the scope of this invention. For that reason, the following claims should be studied to 
determine the true scope and content of this invention. 
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